Three new acylated anthocyanidin 3-rutinoside-5-glucosides were isolated from the violet-blue flowers of Saintpaulia 'Thamires' (Saintpaulia sp.) along with a known flavone glycoside. Three new acetylated anthocyanins were determined to be 3
Introduction
Saintpaulia cultivars are among the most popular ornamental plants bred from some wild species native to Southern Africa with white, pink, red, purple, and violet-blue flowers. Until date, there seems to be no report on acylated anthocyanins in the flowers of Saintpaulia cultivars except some studies of nonacylated anthocyanins such as 3-rutinoside-5-glucosides of malvidin, peonidin, and pelargonidin in their pink, red, and purple flowers (Griesbach, 1998; Harborne, 1966; Khokhar et al., 1982) . In our continuing work on flower color variation due to acylated anthocyanins, we decided to investigate the anthocyanin constitution of deep violet-blue flowers of S. 'Thamires' (Saintpaulia sp.), whose anthocyanins were presumed to be acylated with some unknown acids.
In this paper, we report the isolation and structure elucidation of three new acylated anthocyanins and a known flavone glycoside from the flower of S. 'Thamires'. Moreover, the reproducibility of violet-blue flower color was demonstrated by the intermolecular copigmentation between malvidin 3-acetylrutinoside-5-glucoside and apigenin 4′-glucuronide.
Materials and methods

General procedures
Thin-layer chromatography (TLC) was performed on cellulose-coated plastic sheets (Merck, Darmstadt, Germany) using six mobile phases: BAW (n-BuOH/HOAc/H 2 O, 4:1:2, v/ v/v); BuHCl (n-BuOH/2 N HCl, 1:1, v/v, upper layer); AHW (HOAc/HCl/H 2 O, 15:3:82, v/v/v); 1% HCl for anthocyanins and organic acid; BAW and ETN (EtOH/NH 4 OH/H 2 O, 16:1:3, v/v/v) for sugars with detection using UV light and aniline hydrogen phthalate spray reagent (AHP) (Harborne, 1984) .
Analytical high-performance liquid chromatography (HPLC) was performed with a LC-10A system (Shimadzu Co. Ltd., Kyoto, Japan) using a Waters C18 (4.6 ϕ × 250 mm; Waters, Massachusetts, USA) column at 40°C, with a flow rate of 1 mL/min and monitoring at 530 nm and 350 nm. The eluant by 5% HOAc-H 2 O or 5% formic acid was applied as a linear gradient for 40 min from 20% to 85% solvent B (1.5% H 3 PO 4 , 20% HOAc, 25% MeCN in H 2 O) in solvent A (1.5% H 3 PO 4 in H 2 O) for flavonoids (method 1). The other eluant for acetic acid and glucuronic acid was applied as an isocratic elution of solvent A for 10 min and monitoring at 210 nm (Tatsuzawa et al., 2009 ; method 2). UV-vis spectra were recorded on an MPS-2450 (Shimadzu) in 0.1% HCl-MeOH (200-700 nm). Spectral absorption of flowers was directly measured on intact petals using a recording spectrophotometer operating as a doublebeam instrument (Type: MPS-2450). Fast atom bombardment mass spectra (FABMS) were obtained in the positive ion mode using the magic bullet (5:1 mixture of dithiothreitol and dithioerythritol) as a matrix with JMS SX-102 (JEOL Ltd., Tokyo, Japan). NMR spectra were recorded on JMN GX-500 (JEOL Ltd.) at 500 MHz for 1 H spectra and at 125.78 MHz for the 13 C spectra in CD 3 OD-DCl (9:1) for pigment 1, DMSO-CF 3 COOD (9:1) for pigments 2 and 3, and DMSO-d 6 for pigment 4. Chemical shifts are reported on the δ-scale from tetramethylsilane as the internal standard, and coupling constants (J) are in Hz.
In addition the alkaline and acid hydrolysis products of these anthocyanins producing deacylanthocyanin, aglycone, acid, and sugars were analyzed by TLC (Harborne, 1984) . Authentic samples, glucose, rhamnose, glucuronic acid, and acetic acid were used with commercial standards (Wako Pure Chemical Industries, Ltd., Osaka, Japan); 3-rutinoside-5-glucosides of malvidin, peonidin and pelargonidin were obtained from petunia and red potato (Tatsuzawa et al., 1997 (Tatsuzawa et al., , 2004 Naito et al., 1998) .
Plant materials
The violet-blue petals [Violet-Blue 89B by the Royal Horticultural Society Colour Chart and b*(− 54.03)/a*(69.23) = − 0.78, L* = 8.93 by a SE-2000 Spectro Color Meter (Nippon Denshoku Industries Co. Ltd., Tokyo, Japan)] of S. 'Thamires' (Royal Green Inc. (Gifu, Japan)) regenerated from leaf explants by in vitro culture were grown in a greenhouse at the Experimental Farm of Kyoto University (Kyoto, Japan). Their petals were harvested from February to March, 2010. These petals were dried overnight at 40°C, and kept in a refrigerator at − 20°C until use.
Isolation and purification of pigments
Dried violet-blue petals (ca. 25 g) of S. 'Thamires' were immersed in 5% HOAc-H 2 O (5 L each) at room temperature for 12 h and then extracted. The extract was passed through a Diaion HP-20 (Nippon Rensui Co., Tokyo, Japan) column (90 × 150 mm), on which pigments were absorbed. Next the column was thoroughly washed with 5% HOAc-H 2 O (20 L) and eluted with 5% HOAc-MeOH (500 mL) to recover the pigments. After concentration, the eluates were separated and purified with paper chromatography using BAW. The separated pigments were further purified with preparative HPLC, which was performed on a Waters C18 (19 × 150 mm, Waters) column at 40°C with a flow rate of 4 mL/min and monitoring at 530 or 350 nm. The solvent used was as follows: a linear gradient elution for 20 min from 45% to 70% solvent B in solution A. Each fraction was transferred to a Diaion HP-20 column, on which pigments were adsorbed. These pigments were eluted with 5% HOAc-MeOH (5:95, v/v) followed by the addition of excess Et 2 O and then dried. The purified pigments 1 (ca. 100 mg), 2 (ca. 5 mg), 3 (ca. 3 mg), and 4 (ca. 100 mg) were obtained as dried dark-violet, dark-red, dark-red, and pale pink powders, respectively.
Analyses of pigments
The identification of flavonoids was performed by standard procedures involving deacylation with acid, and both alkaline and acid hydrolysis (Harborne, 1984 Table 1 , 13 C NMR δ malvidin: 163.2 (C-2), 146.0 (C-3), 134.7 (C-4), 156.6 (C-5), 105.6 (C-6), 169.8 (C-7), 97.7 (C-8), 157.0 (C-9), 113.2 (C-10), 119.5 (C-1′), 110.7 (C-2′,6′), 149.7 (C-3′,5′), 147.0 (C-4′), 57.4 (\OCH 3 of H-3′,5′). Glucose A: 102.4 (C-1), 77.7 (C-2), 74.9 (C-3), 70.8 (C-4), 78.1 (C-5), 67.4 (C-6). Glucose B: 102.6 (C-1), 77.7 (C-2), 74.9 (C-3), 71.3 (C-4), 77.4 (C-5), 62.0 (C-6). Rhamnose: 102.0 (C-1), 71.9 (C-2), 74.7 (C-3), 75.4 (C-4), 67.5 (C-5), 17.7 (C\CH 3 ). Acetic acid: 20.6 (\CH 3 ), 172.7 (COOH).
Pigment 2
Dark red powder: UV-vis (in 0.1% HCl- 13 C NMR δ apigenin: 164.4 (C-2), 103.7 (C-3), 181.8 (C-4), 161.4 (C-5), 99.4 (C-6), 163.0 (C-7), 94.1 (C-8), 157.3 (C-9), 103.8 (C-10), 124.0 (C-1′), 128.2 (C-2′,6′), 116.5 (C-3′,5′), 160.0 (C-4′). Glucuronic acid: 99.0 (C-1), 72.9 (C-2), 76.1 (C-3), 71.6 (C-4), 74.8 (C-5), 171.0 (COOH).
Deacylanthocyanin and acetic acid
Pigments 1, 2, and 3 (ca. 0.5 mg each) were dissolved in 2 N NaOH (1 mL) using a degassed syringe to stir for 15 min. The solution was then acidified with 2 N HCl (1.1 mL). This solution was used for TLC and HPLC with authentic malvidin 3-rutinoside-5-glucoside (from petunia species; Tatsuzawa et al., 1997) , peonidin 3-rutinoside-5-glucoside (from pink petunia cultivar; Tatsuzawa et al., 2004) , pelargonidin 3-rutinoside-5-glucoside (from red potato; Naito et al., 1998) , and acetic acid (Wako Chemicals). 
Aglycones, glucose, rhamnose and glucuronic acid
Acid hydrolyses of pigments 1, 2, and 3 (ca. 0.5 mg each) were performed with 2 N HCl (1 mL) at 90°C for 2 h; it resulted in the isolation of acetic acid, glucose, and rhamnose. Moreover, malvidin, peonidin, and pelargonidin were detected in the hydrolysates of pigments 1, 2, and 3, respectively. Acid hydrolysis of pigment 4 resulted in the isolation of apigenin and glucuronic acid. 
Results and discussion
Major flavonoids from violet-blue flowers of S. 'Thamires'
HPLC analysis of 5% HOAc-H 2 O or 5% formic acid-H 2 O extracts from violet-blue flowers of S. 'Thamires' revealed one major and two minor anthocyanins (pigment 1: 77.9% of the total anthocyanin contents calculated from the HPLC peak area at 530 nm, 2: 6.7%, and 3: 7.9%) and a major flavone peak (pigment 4: 66.2% of the total contents calculated from the HPLC peak area at 350 nm) with other several small peaks unidentifiable due to the small amounts of their components (Fig. 1) .
These four pigments (1-4) were isolated from the 5% HOAc-H 2 O extract of dried blue petals (ca. 25 g); and purified using a Diaion HP-20 (Mitsubishi Chemical's Ion Exchange Resins) column chromatography, preparative HPLC, and TLC, according to the procedure described previously (Tatsuzawa et al., 2009) . The chromatographic and spectroscopic properties of these pigments are shown in the Materials and methods section (2.4.1.-2.4.4.).
Pigment 1
Acid hydrolysis of pigment 1 yielded malvidin as its aglycone, glucose and rhamnose as its sugars and acetic acid as its acid component.
Alkaline hydrolysis of pigment 1 yielded a deacylanthocyanin and acetic acid. The deacylanthocyanin was identified to be malvidin 3-rutinoside-5-glucoside by the analysis of HPLC, TLC, and UV-vis in comparison with authentic malvidin 3-rutinoside-5-glucoside obtained from Petunia guarapuavensis (Tatsuzawa et al., 1997) . Acetic acid was identified by HPLC analysis with a commercial standard (Wako Chemicals).
The molecular ion [M] + of pigment 1 was observed at m/z 843 (C 37 H 47 O 22 ) using FABMS, indicating that pigment 1 is composed of malvidin with two molecules of glucose and one molecule each of rhamnose and acetic acid. The elemental components of pigments 1 were confirmed by high-resolution FABMS (Section 2.4.1.).
The structure of pigment 1 was further elucidated by investigation of its 1 H and 13 C NMR spectra, including 2D COSY, 2D NOESY, HMQC, and HMBC spectra (Fig. 2) .
The chemical shifts of five aromatic protons of the malvidin moiety with their coupling constants were assigned by analysis of the 2D COSY spectrum (Table 1) sugar protons were assigned by analysis of the 2D COSY spectrum with their coupling constants ( Table 1 ), indicating that those glucose residues of 1 must be β-glucopyranose. In the rhamnose moiety, the singlet signal corresponds to an anomeric proton (δ 4.66, s) and doublet signals of methyl protons (δ 0.92, d, J = 6.1 Hz) at C-5 suggested the presence of α-rhamnopyranose. The proton signal of the H-4 of rhamnose (δ4.76, t, J = 9.6 Hz) was shifted downfield (Table 1) , indicating that the OH-4 of rhamnose is acylated with acetic acid. NOESY and HMBC spectra were studied to identify the site of attachment of acid, sugars, and malvidin moieties (Fig. 2) . The signal of the anomeric proton of glucose A correlated with that of the C-3 carbon of malvidin in the HMBC spectrum and also to the signal of proton H-4 in the NOESY spectrum of malvidin. The signal of the anomeric proton of glucose B correlated with that of the C-5 carbon in the HMBC spectrum and to the signal of proton H-6 in the NOESY spectrum of malvidin. These characteristic features revealed that the OH-3 and OH-5 positions of malvidin are glycosylated by glucoses A and B, respectively. The signal of the anomeric proton (δ 4.66) of rhamnose correlated with that (δ 67.4) of the C-6 carbon of glucose A in the HMBC spectrum and also with the signals of protons H-6a and H-6b in the NOESY spectrum of glucose A. As a characteristic proton being shifted to the lower magnetic field at δ 4.76 was assigned to H-4 proton of rhamnose, OH-4 of rhamnose must be esterified with acetic acid. This linkage was further confirmed by HMBC correlation (Fig. 1) . Consequently, the structure of pigment 1 was elucidated to be malvidin (Fig. 2) , which is a new anthocyanin in plants ( Andersen and Jordheim, 2006; Harborne and Baxter, 1999) .
Pigments 2 and 3
Acid hydrolysis of pigments 2 and 3 produced peonidin and pelargonidin, respectively, as their aglycones. In addition, pigments 2 and 3 yielded glucose and rhamnose as their sugars and acetic acid as their acid component.
Alkaline hydrolysis of pigments 2 and 3 yielded 3-rutinoside-5-glucosides of peonidin and pelargonidin, respectively, as their deacylanthocyanins together with acetic acid. These deacylanthocyanins and acetic acid were identified by the analysis of HPLC, TLC, and UV-vis data with authentic samples obtained from pink petunia, red potato, and commercial standards (Tatsuzawa et al., 2004; Naito et al., 1998; Wako Chemicals) .
The molecular ions [M] + of pigments 2 and 3 were observed at m/z 813 (C 36 H 45 O 21 ) and m/z 783 (C 35 H 43 O 20 ) using FABMS, respectively, indicating that these pigments are composed of two molecules of glucose and one molecule each of rhamnose, acetic acid, and peonidin or pelargonidin. The elemental components of pigments 2 and 3 were confirmed by high-resolution FABMS (Sections 2.4.2. and 2.4.3.).
The 1 H NMR spectra of pigments 2 and 3 were superimposed on that of pigment 1 except for the signals of peonidin and pelargonidin moieties (Table 1) . Moreover, the characteristic protons being shifted to the lower magnetic field at δ 4.70 of pigment 2 and δ 4.71 of pigment 3 were assigned to H-4 proton of rhamnose. These results revealed that OH-4 of rhamnose in both pigments must be esterified with acetic acid. Therefore, pigments 2 and 3 were determined to be 3-O-[6-O-(4-O-(acetyl)-α-rhamnopyranosyl)-β-glucopyranoside]-5-O-(β-glucopyranoside)s of peonidin and pelargonidin, respectively (Fig. 2) , which are new anthocyanins in plants (Andersen and Jordheim, 2006; Harborne and Baxter, 1999) .
Pigment 4 (a flavone)
Acid hydrolysis of pigment 4 yielded apigenin and glucuronic acid. The FAB mass spectrum of 4 gave a molecular ion [M + 1] + at 447 m/z, indicating that 4 is composed of one molecule each of apigenin and glucuronic acid. The 1 H NMR spectrum of 4 exhibited seven aromatic proton signals of apigenin (Section 2.4.4.). The anomeric proton signal of glucuronic acid was observed at δ 5.16 (d, J = 7.3 Hz). The bonding of these compounds was confirmed by the DIFNOE experiment. The NOEs between H-1 of glucuronic acid and H-3′,5′ of apigenin were observed. These results suggested that OH-4′ of apigenin was bonded with glucuronic acid. Therefore, pigment 4 was determined to be apigenin 4′-O-(β-glucuropyranosnide). This is the first report of the isolation of this pigment from the genus Saintpaulia although the pigment has previously been reported in the plant Medicago sativa (Stochmal et al., 2001 ).
3.5. Flower color and copigmentation in the violet-blue flowers of Saintpaulia 'Thamires'
The absorption spectral curves of the violet-blue petals of S. 'Thamires' and that of the violet-blue solution of its crude extract in pH 5.0 buffer solution (phosphate-citrate buffer (MacIlvaine)) exhibited characteristically two absorption maxima at 547 and 577 nm, with a weak shoulder near 620 nm (Fig. 3-1) . In contrast, the absorption spectral curves of pigment 1 (malvidin 3-acetyl-rutinoside-5-glucoside) or deacyl pigment 1 (malvidin 3-rutinoside-5-glucoside) exhibited one absorption maximum at 535 nm in the same buffer solutions ( Fig. 3-2) , and their solution color were violet and soon faded away. However, by addition of kaempferol 3-glucoside as a common copigment (Asen et al., 1972; Griesbach, 1998) , their absorption spectral curves exhibited an absorption maximum at 541 nm and a rather weak absorption maximum at 561 nm in pH 5.0 buffer solutions, respectively ( Fig. 3-2) . Furthermore, by addition of pigment 4, the absorption spectral curve of pigment 1 exhibited two absorption maxima at 547 and 577 nm with a weak shoulder near 620 nm (Fig. 3-3) , and the solution color changed to violet-blue similar to that of the fresh flower of S. 'Thamires' with high stability. A similar absorption spectral curve was observed in case of deacyl pigment 1 (Fig. 3-3) .
From the above result, it was revealed that apigenin 4′-glucuronide (pigment 4) was more appropriate to form the anthocyanin-copigment complex with pigment 1 than kaempferol 3-glucoside. Therefore, it may be considered that the intermolecular copigmentation between pigments 1 and 4 was responsible for the violet-blue flower color of S. 'Thamires'. 
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